Multiparous Large White sows were used in two experiments to determine the effects of energy intake on the reconstitution of body reserves during pregnancy. In Exp. 1, 21 sows received one of three different energy levels during pregnancy: 7. 4, 8.8, or 10.4 Mcal DE/d. In Exp. 2, two energy levels (7.9 and 9.2 Mcal DE/d) were fed to 36 sows that mobilized low or high amounts of body reserves during the previous lactation ( 6 or 12 pigs per litter, respectively). Nitrogen balances were conducted during five 7-d periods at 11, 32, 53, 82, and 104 d of gestation. All the experimental sows were slaughtered and dissected at the end of pregnancy; 24 control sows were similarly slaughtered at mating in order to estimate composition of BW gain, according to the comparative slaughter technique. In the two experiments, average nitrogen ( N ) retention increased linearly with energy supply from 9.9 to 14.5 g/d in Exp. 1 ( P < .001) and from 10.2 to 12.5 g/d in Exp. 2 ( P < .05). Nitrogen retention was not affected by the extent of mobilization of body reserves during the previous lactation in Exp. 2. In both experiments, carcass weight ( P < .001), muscle weight ( P < .01), and dissectable fat weight ( P < .001, Exp. 1; P < .01, Exp. 2 ) increased with energy supply. We conclude that in high-producing modern multiparous sows, energy supply during gestation is a limiting factor for N retention and muscle weight gain and should be approximately 8,500 kcal DE/d to ensure adequate restoration of body reserves.
Introduction
In sows, most of the effects of energy and protein supply on reproductive performance and longevity are associated with extreme (high or low) variations of body weight or fat reserves (Dourmad et al., 1994) . This can occur on a short-term basis or as the consequence of small deviations on a long-term basis (Close and Cole, 1986) . In normal breeding management, the period of pregnancy seems to be the sole period during which body reserves can be rebuilt. The bases for calculating the energy requirements during pregnancy according to mobilization of energy reserves during the previous lactation were proposed by Noblet et al. (1990) . However, little information is available concerning deposition or mobilization of body tissues during pregnancy in adult sows. Henry and Etienne (1978) showed from a review of literature that the amount of maternal gain in pregnant sows is highly dependent on energy level fed during gestation. However, results on weight gain composition according to energy supply are scarce, and most of these were obtained with gilts (De Wilde, 1980; WalachJaniack et al., 1986) .
The objectives of these studies were to investigate the response of multiparous pregnant sows to dietary energy level and to determine to what extent the mobilization of the body reserves during the preceding lactation can affect their reconstitution during pregnancy.
Experimental Procedure

Experimental Design
Two experiments were conducted during pregnancy on Large White multiparous sows. The sows were prepared during the previous lactation.
In Exp. 1, litter size was standardized to 11 to 12 pigs within 1 d after farrowing. During lactation, the sows were fed a standard lactation diet (17.5% CP, 3,250 kcal DE/kg, .85% lysine). Feeding level was restricted to 2.5 and 3.5 kg/d during the 1st and the 2nd d postfarrowing, respectively. From the 3rd d until weaning, they were fed 4.5 kg/d of the same diet. Weaning occurred at 26.5 ± .8 d postfarrowing. From weaning to mating, the sows were fed 2.6 kg/d of a standard pregnancy diet (13.5% CP, 3,050 kcal DE/kg, .55% lysine). The sows were mated at their first estrus after weaning, and those not mated within 10 d were removed from the experiment. After mating, the sows were allocated to three experimental groups, according to their body weight at weaning and parity number. During pregnancy, they were fed 7. 43, 8.83, or 10.38 Mcal DE/d in Groups L, M, and H, respectively. The composition and the chemical analysis of the diets are given in Table 1 . The diets were calculated to supply the same daily amounts of protein, amino acids, minerals, and vitamins. This was obtained by adding daily .4 and .8 kg of cornstarch to the diet fed to Group L to the diets fed to Groups M and H, respectively. Twenty-one females were measured during pregnancy. Average parity number of sows was 4.9 ± .3 (8, 8, and 5 sows in parities 4, 5 and 6, respectively).
In the second experiment (Exp. 2), the sows were assigned to two groups at farrowing, according to parity number, live weight, and backfat depth. Litter size was standardized to 6 (Group P6) or 12 (Group P12) pigs, in order to induce two intensities of mobilization of their body reserves during lactation. The same diet as in Exp. 1 was fed during lactation. Feeding level was restricted to 2.5 and 3.5 kg/d during the 1st and the 2nd d postfarrowing, respectively. From the 3rd d until weaning, the sows were fed 5 kg/ d. Weaning occurred at 26.9 ± .8 d postfarrowing. Diet and feeding level from weaning to mating were the same as in Exp. 1. At mating, the sows of each lactation treatment were allocated to two groups according to a 2 × 2 factorial arrangement of treatments. They were fed the same daily amounts of protein, amino acids, minerals, and vitamins but different energy levels: 7.94 and 9.25 Mcal DE/d in Groups L and M, respectively. The composition and chemical analysis of the diets are given in Table 1 . In order to avoid an effect on the energy requirement for maintenance because of the differences in body weight at mating related to the lactation treatment, an extra 300 kcal DE/d (90 g cornstarch) was given to P6 sows. This was calculated according to Noblet et al. (1990) and corresponded to an average difference of 15 kg BW at mating between P6 and P12 sows. For each gestation treatment, the amount of energy above maintenance was then similar for both lactation treatments. Thirty-six females were measured during pregnancy. Average parity number was 4.1 ± .3 (10, 11, and 15 sows in parities 3, 4, and 5, respectively).
In both experiments, nutrient digestibility measurements and N retention balances were carried out during five 7-d periods beginning at 11, 32, 53, 82, and 104 d of gestation. At 112 ( ± .8) d of pregnancy, and after 16 h of food deprivation, all the sows were slaughtered by electrical stunning and exsanguination. A control group of 24 multiparous sows (12 sows in Exp. 1, and 6 P6 and 6 P12 sows in Exp. 2 ) with weights and parity number similar to those of the experimental sows (211 ± 5 kg and 4.6 ± .3, respectively) was also slaughtered approximately 1 wk after weaning in order to determine the initial body composition of the experimental sows.
Housing and Feeding
The sows were housed individually in gestation crates (.6 × 2.5 m ) on a flat deck with rubber bedding. The temperature within the room was controlled (22°± 2°C ) and above the lower critical temperature. During the digestibility measurements, the sows were kept individually in metabolism cages equipped for feces collection. Feed was offered in dry pellets and divided into two equal meals (0830 and 1530). Feed spillage and eventual refusals were collected and analyzed for dry matter content.
Measurements
The sows were weighed after farrowing, at weaning, at mating, before and after each balance period, and at slaughter. Backfat depth ( P 2 ) was ultrasonically measured, at 65 mm on each side of the midline at the level of the last rib, at farrowing, at weaning, at mating, every 2 wk during gestation, and the day before slaughter. A sample of backfat was taken by biopsy at the beginning and the end of gestation and the size of the adipocytes was measured (Etherton et al., 1977) by image analysis.
During each balance trial, a urinary catheter was inserted into the bladder, and urine was collected daily under sulfuric acid (40 mL of 3.6 N H 2 SO 4 /L of urine), pooled, and, at the end of the period, weighed and sampled for analysis. For technical reasons feces were collected only during three of the five periods, the first, the third, and the last period. Feces were collected daily, pooled, and, at the end of the period, weighed, mixed, subsampled, and freeze-dried for analysis. Feed and feces were analyzed for DM, ash, and N according to AOAC (1975) methods. Gross energy was measured using an adiabatic bomb calorimeter. Nitrogen in urine was measured on fresh material, whereas energy content of urine was obtained after freeze-drying approximately 50 mL in small polyethylene bags.
At slaughter, blood, visceral organs, and genital tract were collected separately and weighed. The digestive tract was weighed before and after emptying. The genital tract was dissected. The number of fetuses, and the weight of uterus, placenta, fluids, and fetuses were determined. Each half-eviscerated carcass and the head were weighed immediately after slaughter and after 24 h of chilling. On the day after slaughter, the right half of each carcass was cut according to the French jointing procedure (Desmoulin et al., 1988) and dissected into four fractions: muscles (including intermuscular fat), subcutaneous and perirenal adipose tissues, skin, and bones. These fractions were weighed.
Calculation and Statistical Analysis
There was no significant effect of collection period on the apparent digestibility coefficients for energy and N. Therefore, for each sow, the mean of the three measurements obtained during pregnancy was determined. This mean value of N digestibility was used for the determination of N balance at the five periods. Nitrogen retention was calculated as the difference between N intake and N losses through feces and urine.
In order to estimate changes in body composition during pregnancy, data from the initial slaughter sows were used to make prediction equations relating body composition to live weight, backfat depth, and fat cell size. These relationships were then applied to each individual sow used in the feeding experiment. Regression equations were computed using the REG procedure of SAS (1990) . The composition of the weight gain over pregnancy was then determined according to the comparative slaughter technique.
The data for each trial were analyzed by ANOVA as a completely randomized design. Experimental units were individual sows. In Exp. 1, the model included the effect of gestation treatment. The linear and quadratic contrasts were used to separate the means. In Exp. 2 the model included the effects of gestation treatment, lactation treatment, and the interaction between gestation and lactation treatments. The contrasts for a 2 × 2 factorial arrangement were used to separate the means. Statistical analyses were computed using the GLM procedure (SAS, 1990) . For the results on N balance measurements, sow nested within treatments was considered as the error term for testing the treatment effects according to the SAS (1990) specifications for repeated measure analysis. For the effect of gestation stage, means were separated by F-protected LSD.
Results
Experiment 1. Apparent digestibility of dry matter, organic matter, and energy increased linearly ( P < .001) from treatment L to treatment H (Table 2) . Apparent digestibility of nitrogen tended to be lower in M sows. The ratio ME/DE increased with energy supply ( P < .001). Daily supplies of digestible and metabolizable energy are presented in Table 2 .
Average litter size and daily litter weight gain during the preceding lactation were 10.5 and 2,400 g/ d, respectively. Number and average live weight of fetuses at 112 d postmating were 11.9 ± 3.4 and 1.24 ± .15 kg, respectively, and were not affected by gestation treatment.
The mean weight loss of sows and the change in their backfat depth during lactation were 37.2 kg and −4.3 mm, respectively (Table 3) . Energy supply during gestation increased ( P < .001) total and maternal weight gain and backfat depth of sows during gestation (Table 3) .
Because the interaction between gestation treatment and gestation stage was not significant for nitrogen balance, only the main effects are presented in Table 4 . Nitrogen retention increased linearly from 9.9 to 14.5 g/d ( P < .001) with energy supply. Nitrogen retention was the lowest at 11 d after mating. It increased during the second collection period, decreased during the third one, and reached values similar to those found at the beginning of gestation on d 82. During the last two periods, N retention increased in all groups and the maximum retention was observed at about 104 d after mating.
The average results for the estimated body composition at mating are given in Table 5 . During pregnancy, carcass weight ( P < .001) muscle weight ( P < .01), and dissectable fat weight ( P < .001) increased with energy supply (Table 5 ), but the weight of bones and skin were not affected. The increase in muscle weight was higher from L to M (+10.5 kg) than from the M to H treatment (+4.1 kg), but the quadratic response was not significant. The weight of dissectable fat increased linearly with energy supply. There was no effect of the experimental treatments on organ weights (Table 5) , except for the digestive tract, which tended to be heavier ( P < .07) in sows fed the higher energy supply.
During gestation, the weights of the empty genital tract and of the udder increased significantly (+4.7 and +8.4 kg, respectively, P < .01), whereas that of liver and heart + lungs were not different at mating and at farrowing (Table 5 ). The volume of adipocytes increased ( P < .01) from mating to slaughter in Table 5 . Effects of energy level in gestation on body composition changes during gestation and volume of adipocytes (Exp. 1)
a The body composition of each sow at mating was calculated according to its body weight (BW, kg), backfat depth (BF, mm), and average diameter of adipocyte (AD, mm) from the prediction equations obtained on the sows killed initially. Average carcass weight, muscle weight, and dissectable fat weight of the initial sows were 173.5 ( ± 23.7) kg, 105.3 ( ± 14.4) kg, and 26.2 ( ± 12.0) kg, respectively (mean ± standard deviation). The following equations were obtained for the prediction of muscle weight (Eq. 1) and weight of dissectable fat (Eq. 2): Muscle (kg) = −9.2 + .61 ( ± .052) BW − .86 ( ± .29) BF; R 2 = .89, RSD = 4.9 (Eq. 1). Fat (kg) = −21.3 + 1.51 ( ± .297) BF + .29 ( ± .084) AD; R 2 = .92, RSD = 3.5 (Eq. 2).
b RSD = residual standard deviation. treatment H. It tended to increase in treatment M and remained constant in treatment L. At the end of pregnancy, the volume of adipocytes was higher ( P < .001) in H sows (Table 5) .
Experiment 2. Apparent digestibility of dry matter, organic matter, and energy was higher ( P < .001) for M than for L sows (Table 6 ). Apparent digestibility of nitrogen was similar in the two treatments, and ME/ DE ratio was higher in M sows ( P < .01). Daily supplies of digestible and metabolizable energy during gestation are presented in Table 6 . Average litter size and daily litter weight gain during the preceding lactation were 6.3 and 1,485 g/d and 10.9 and 2,300 g/d in P6 and P12 sows, respectively. The number of fetuses tended to be lower in litters from treatment M (10.1 and 11.9 in M and L, respectively), and they were heavier (1.32 vs 1.18 kg, P < .05). When litter size was used as a covariate in the analysis, the difference was reduced to .07 kg/pig.
The weight loss of sows during the previous lactation was higher ( P < .001) in P12 (35.3 kg) than in P6 sows (12.6 kg). Similar variations were obtained for the change in backfat depth, which was more pronounced in P12 sows ( −4.1 and −2.3 mm in P12 and P6, respectively, P < .01). The increased energy supply during gestation increased total ( P < .01) and maternal ( P < .001) weight gain and backfat depth ( P < .01) of sows (Table 7) . However, the lactation treatment did not affect weight gain during gestation or the variation of backfat depth. Over the whole lactation-gestation period, weight gain and backfat depth were significantly affected by the gestation and lactation treatments, but no lactation × gestation interaction was found (Table 7) . Because the interactions between gestation or lactation treatment and gestation stage were not significant for nitrogen balance, only the main effects are presented in Table 8 . Average nitrogen retention during gestation increased with energy supply ( P < .05) but was not affected by the previous lactation treatment (Table 8 ). However, in the first collection period, N retention was higher ( P < .05) in the P12 sows than in P6 sows (9.2 vs 5.5 g/d), and the opposite was found during the fourth collection period. Nitrogen retention was the lowest at 11 d after mating. It increased during the second collection period and decreased during the third one to reach values similar to those found at the beginning of gestation. During the last two periods, N retention increased and the maximum retention was observed for the last collection period.
The estimated body composition at mating was affected by the lactation treatment (Table 9 ). Sows from the P6 group were heavier ( P < .001) and had a higher weight of dissectable fat ( P < .001) and muscle ( P < .01) than P12 sows. However, the lactation treatment did not affect body composition changes during gestation, and no interaction was found with gestation treatment. Carcass weight ( P < .001), muscle weight ( P < .01), and dissectable fat weight ( P < .01) increased with energy supply during gestation (Table 9 ), but the weight of bones and skin were not affected. There was no effect of the experimental treatments on organ weights (Table 9) , except for the digestive tract, which was heavier ( P < .05) in sows fed the higher energy supply. During gestation, the weights of the empty genital tract and of the udder increased significantly (+4.7 and +5.4 kg, respectively, P < .01), whereas that of liver and heart + lungs were comparable at mating and at farrowing. 
Discussion
The maternal weight gain from mating to farrowing increased with energy supply by 11.5 kg/Mcal of additional DE intake in Exp. 1 and by 10 kg in Exp. 2. This is slightly higher than the 7.1 kg/Mcal DE value calculated by Henry and Etienne (1978) from the literature results, suggesting a higher ability of modern multiparous sows to gain weight during pregnancy. With a similar energy supply above maintenance, it seems from the results of the second experiment that the extent of mobilization of body reserves during lactation did not affect weight gain or body composition changes during the following gestation. This was confirmed by the mean nitrogen balance in gestation, which was similar in P6 and P12 sows. However, N retention during the first balance period (11 d on average) was higher in P12 sows, suggesting that restoration of protein reserves could occur earlier in sows that have mobilized larger amounts of body reserves during the previous lactation.
Nitrogen retention increased and linearly with energy supply, as already observed in gilts (Etienne and Henry, 1973; Kemm, 1974, Willis and Maxwell, 1984; Walach-Janiack et al., 1986; King and Brown, 1993) . The rate of increase of N retention with DE supply was 1.7 and 1.6 g/Mcal DE in Exp. 1 and Exp. 2, respectively. This is lower than the values measured in gilts by Etienne (1991) and King and Brown (1993) (+2.1 and +2.8 g/Mcal DE, respectively) . Using the comparative slaughter technique, WalachJaniack et al. (1986) reported a linear increase of N retention of 1.6 g/Mcal DE in nulliparous animals. In these experiments on gilts, no linear/plateau response was found with increasing energy intake up to 10 Mcal DE/d. The highest level of energy intake used in our experiments was equivalent to 1.7 and 1.4 times that for maintenance (Noblet et al., 1990 ) during early and late pregnancy, respectively. As suggested by King and Brown (1993) , this is relatively low compared to the level of 2.5 to 3.0 times energy requirement for maintenance that is necessary to maximize N retention in finishing pigs (Campbell et al., 1985) . This would suggest that in multiparous sows, the energy feeding levels usually found under practical conditions are below the level required for maximum N retention, as previously reported by King and Brown (1993) in nulliparous animals.
In both experiments, N retention increased steadily after 53 d of mating, as observed in multiparous sows by Salmon-Legagneur (1965) , Rombauts (1962) , and Everts and Dekker (1994) . Elsley et al. (1966) , Willis and Maxwell (1984) , Noblet and Etienne (1987) , King and Brown (1993) , and Everts and Dekker (1994) reported a similar increase of N retention with gestation stage, after 50 to 60 d of gestation, in nulliparous animals. But Close et al. (1985) and Etienne (1991) observed a more constant N retention over pregnancy. In the present study, a significant and transitory increase in N retention was found for the second balance period (32 d after mating). This was not observed in previous studies on nulliparous or multiparous sows, but N balance was generally measured at two or three stages only. In early pregnancy, N retention is mainly maternal, because retention in products of conception amounts to only 1 to 2 g/d. On the other hand, in late gestation, most of N is retained in udder and products of conception (14 g/d at 105 d postmating, according to Noblet et al., 1985) . The increase of N retention around d 32 of pregnancy can be related to an increase of N retention in maternal tissues, whereas that found in late pregnancy is mainly related to the development of the conceptus.
The secretion of some hormones related to pregnancy may cause the observed changes in N retention. A transient rise in estrogen secretion occurs from 20 to 40 d of pregnancy, with a peak of secretion around 30 d (Fèvre et al., 1968; Edgerton and Erb, 1971; Robertson and King, 1974) . Thereafter, plasma estrogen concentration remains very low until d 70 and increases in a curvilinear manner from d 70 until parturition (Robertson and King, 1974) . These circulating estrogens, which are mainly of feto-placental origin (Fèvre et al., 1968 ) during pregnancy, are Table 9 . Effects of litter size during previous lactation and energy level in gestation on body composition at mating, body composition changes during gestation, and volume of adipocytes at the beginning and the end of gestation (Exp. 2)
a The body composition of each sow at mating was calculated according to its body weight (BW, kg), backfat depth (BF, mm) and average diameter of adipocyte (AD, mm), from the prediction equations obtained on the control animals. Average carcass weight, muscle weight, and dissectable fat weight of control animals were 173.5 ( ± 23.7) kg, 105.3 ( ± 14.4) kg, and 26.2 ( ± 12.0) kg, respectively (mean ± standard deviation). The following equations were obtained for the prediction of muscle weight (Eq. 1) and weight of dissectable fat (Eq. 2): Muscle (kg) = −9.2 + .61 ( ± .052) BW − .86 ( ± .29) BF; R 2 = .89, RSD = 4.9 (Eq. 1). Fat (kg) = −21.3 + 1.51 ( ± .297) BF + .29 ( ± .084) AD; R 2 = .92, RSD = 3.5 (Eq. 2).
b RSD = residual standard deviation for the effect of litter size on body composition at mating. c RSD = residual standard deviation for the effect of litter size and energy level on body composition changes during gestation. known to increase growth rate and protein deposition in cattle (Sauerwein and Meyer, 1988) and pigs (De Wilde et al., 1992) . They may explain the transient rise in N retention around 30 d of pregnancy and the progressive increase in late pregnancy. The high transient level of protein retention found around 30 d of pregnancy could also explain that in some studies, in which the first measurement of N retention was performed at that stage, the authors failed to show an increase in N retention during late pregnancy (Etienne, 1991) . Changes in body weight and backfat depth over the whole lactation-gestation period were similar in P6L and P12M sows. The extra amount of energy given during gestation in treatment M (+1,340 Kcal ME/d) was then adequate to compensate for the higher milk production in P12 sows. From Noblet and Etienne (1989) , it can be calculated that the increase of 820 g/ d in litter growth rate (as observed in P6 and P12) is equivalent to 100 Mcal extra energy produced in milk during lactation. According to the factorial approach (Verstegen et al., 1987; Noblet et al., 1990; Whittemore and Morgan, 1990) , this corresponds to 114 Mcal of energy mobilized from the body reserves, if we assume an efficiency of .88 for their utilization for milk production. During the following gestation, ME is retained with an efficiency of .77 (Noblet et al., 1990) , corresponding to an additional requirement of 148 Mcal ME over pregnancy, or 1,300 kcal/d, in P12 animals. Thus, the value calculated by the factorial approach (1,300 kcal ME/d) is in agreement with the difference between treatments M and L (1,340 kcal ME/d).
The changes in body weight and backfat depth in treatments P6M and P12L enhanced the risk of excessive decrease or increase in body fatness, when energy level during gestation is not adequate, in agreement with the results of Whittemore et al. (1988) and Everts and Dekker (1995) . For highproducing sows during lactation, adequate restoration of body energy reserves during gestation was achieved with the medium energy level (about 8,500 kcal DE/ d). This level, corresponding to about 1.3 times the average maintenance requirement, is higher than the previous recommendations of NRC (1988 ( ) or INRA (1984 that were obtained on less productive and lighter-weight sows.
Implications
In multiparous sows, the energy supply during gestation needs to be modulated according to the mobilization of body reserves during the previous lactation. The ability of the pregnant sow to rebuild protein during gestation is not improved in the case of a greater mobilization during the preceding lactation. In high-producing modern sows, the energy supply during that period should be around or above 8,500 kcal of digestible energy per day to ensure adequate restoration of body reserves. The present results should also contribute to the improvement of models for predicting the performance of the pregnant sow.
